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ttiB^ttM*^ InjGa^N (0^a<l) £*A,T*&3#-M;^#F*£i&T? 

« p M#-sm«-h{c, tuiE p M&mmmo p ^KKftsis * y ffiint p 
« p sess k-^i±c wis p mg-mmmsa* p a<£i§s k-^i©pS^ 

[ff#«2] i&Epa!MKK-^J»3VAl s Ga 1 _ s N (0<s<0. 5 
) ft^A/e&U, 3&Cp&&K£K-:?ff®AllUftJ£tf. tsffSpffl#»K« 

ttfiiSttJftf, InjGa^N (0ga<l) ft* A/TftS^SM^^flKtTf 
Al b Ga l4 N (OSb^l) ft-gfA/Tfty pffl^««ft#*"rSpffl*-itM 

«e p seiss k- ^"jf ±c, ttFiH p mm-mmx.& p k-^m© p 
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#32 11 — 098158 



[«#«4] mmpMi&MmF-^mtfA i s G ai _ s N (o< s <o. 5 

) £-£A/e&V. $e>fc P S(SS|gK-^M©Aliffl^Jt>bv tHB p grVHRJI 
[ff*3l5] ia8BpS{£JgKK-^/i#©pS*M^#, iuIHp§?#«BI 

Z> ft 1 ~ 4 (CIB*©^^^^^^^-. 

[ff#3C6] t(ffBp^#SIKS©pM^*fi^«^ 5xi0 17 ~ixi 
o 21 / c m 3 t-fts: i: fc^gs^-r i , 2 5 ® tr*-*MifricflBtt<z>g| 

[»#^7] taiBpS#-)KM©pM^M#f5gS*^ 5X10 17 ~1X1 

8 ] wie p M<&mm k-^s© P a^ttttisi^ ixio 19 / 

[ft** 9] taiBpSn>#? McqpS^IS^ ixio 18 ~5 
X 1 0 21 /cm 3 tfe5rtS#Ii:t5i*ai ~8©V*-f*l,jb>K:gB«©g'ft; 

[0 0 0 1] 

Mb***-* (LED) , I/— *F#-f*-K (LD), 

^(Dm^-T'U XK«MS*l-5^ft%¥## (09;U;E, InjAl y Ga H . y N 
, OgX, OSV, X + YS1) SH^lcKf 
[0 0 0 2] 
[f£*©8fl5] 
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StlT^-S. d*l^©LED*^-{iS*^{C, U-7 7-frl«±ICGaNJ;yft 
5/t>y7 7iL Si K-yGaNJ;y45nl3>^j'Mi: 1 

(SQW : Single-Quantum- Well) ©InGaN, &•£ Wi I nGaNSt 
fS^MS^WJ^Rit (MQW : Multi-Quantum-Wel 1) ©MffiMil, Mgh'-^ 
AlGaNiij!5:5pI^7!/ Mg F-^GaNJ:yS:5pK3>$i' 

hM^^JWtcaMStl^SEjtSr^bTfe';. 2 0mACfeV\T, 383fcJ&*4 5 0 
nm©W-feLEDT?5mW, ^g|Ja^-»^9. 1%, 5 2 0 nrnfflgfiL E Dt 
3 mW, ftUM^me. 3%t#SlCffitife#ttS:^-r. 

t£. #H?#pfSi©ffittgS:M^tLED^J:LT, 4f 1 
0-1 3 5 5 Hf^Ctt, a%&*ftZH&%3feK£JMSF&-*-«£ti>« 'Ptt< 

[0 0 0 3] 
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[0 0 0 4] 
[0 0 0 5] 

mm z t~ » <D^m 

mt>. *ftm&. tie (i) ~ o) a>mmzj:<>j*mw<D3&izM&?2>z. 

(1) HS±lc, '>*<t%nSgttf##E MttS&tfpl^-fb^ 
¥##S£MK:^+&^b4^##i^icJ3^T, 

WfBtSttStf, In a G ai _ a N (0Sa<l) £^T*fc.&#«*^#FfliitT- 

Al Sr-^t?^10D^b%*#*S^, ^m©g{b^¥^#S£M&Sifi/£?:* 
■T 5 Sf§ 2 ©g-fb#i¥##Ji i: itms 3 tiT & y , 2 *> (cMm i ©g-fb^i^ttS 

&zfm 2 ©s-fb%*^#;®©^«; < h *>-jjiz pm^mwz&m ut^a p a# 

t£ p M<gas k- ^«_hic iffiB p Mg>mmm&zf P sflstgs k - ^s© p 

isjgST*p^*E^s:-g-*-rspMni/^^ vmk.*m-*z>z.k. 

(2) ISiEpHSISK-^AljGa^N (0<s<0. 5) Srlf 
A/Tffcy. $e>lc P M<BSSK-^"®ODAl^Jt^, ffrfla P §?#JiffllJi<Z>¥i% 
©AijKj&Jfc<fc»;/jN2^;ii:S:#8ti:-r.g> U) iciBS©^fb*&¥»#l!i^. 

(3) »«_hlC. nM^fb^»^«s«, ^M^^pSS-fb^^MS: 

*^5gfb4&i¥ii#iSi^c35v^ 

WfBMttJitf, In a G ai _ a N (0ga<l) £-£A,T-fc.&#M*^#j3«i;gT- 
Al b Ga H N (O^bgl) S^T*&»J pS^iMftStttS plf^il 
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m p M&mm k- ^m±\z. mm p mm-mmRxf p M&mm f- p 
n^mm^v. siht- ps^*^ Mts pin >^ ^ hmtzm^sz-t 

(4) tiflHpSffiaSF-^M^A l s G ai _ s N (0<s<0. 5) 

a,t&u, se>icpM<fiJiffiF-^«©A lM^it^, iufBpS#HRS©A 1 

(5) tafapS<gffiSF-^Mcf©pM^ife*^ mmprng-mmmtm 

) ~ (4) izmma>g<t®*mftm?: 

(6) tfflBpS#SK®«pM^^iSS*^ 5xio 17 ~ixio 21 / 
cm 3 T-feSZli:S:#ISi:'rS (1) , (2) Rtf (5) ©V^-rtlA^C|H«©S 

(7) |ffiapS#^MS©pM^M#I^A^ 5X10 17 ~1X10 21 / 
cm 3 -E*5rkS#Stt5 (3) ~ (5) CD^^■rtl^^CfB*©S'ffci^**# 
^= 

(8) mmpm{&&BiF--7m<Dpm*m®mmtf. ixio 19 /cm 3 

(9) MSBpS3>#? M©pl^«tSItf. 1X10 18 ~5X10 

21 /cm 3 t-fe5ri:&Mtt5 (l) ~ (8) ©v^;ft;i!WcgB*<z>g<ft;4&>¥ 

[0 0 0 6] 

pflfilSr^t. ) (c, pS^*6^(D?gg7!)^tv^n, >f8llK-^©paf (Pf 

&mmmx\tpmm-mm) <&mmh*-7<Dpmi&wi8iF-7mii. asms. 



5 



ffiH4# 2000-3026926 
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or * $gg f - © p mm -mm » r. *i ic i&jg 2 *i * v ^ . 

[0 0 0 7] 

XIC, pIfiIIK-^ItfAl s Ga H N (0<s<0. 5) *<&/uT'ZtV 

, XtiP^-MSOA lMtfttt&VfrZ^t. pSfilSK-^IfflKf Si 

iSK-^MOlJ?S:«<t5^ £#^18 S8itXgT?©B#ig©fgiSi|&# 
"Tig i: fc^oxgofB^fctf »Tfg£ 

[0 0 0 8] 

^mmmmtf. 5xio 17 ~ixio 21 /cm 3 T-«i:. gsg-rsp^ffiM 

18 ~5 X 1 0 21 /cm 3 ffe5t« pI^7«; KJl&tf P§?<6?§gF-:7«©?g 
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1 1 — 0 9 8 1 5 8 



flU»J*>?*v*»ii:*i»K I^p1^7!/KI, pSH6»« K-?"*, MpI 
[0 0 0 9] 

m s.mn s tim& £ n & *> © t? * & . 

pSftttF-^Ii, p^n;/** hffCD3«N?®pS7ttMlKl!>Hft£ 

[0 0 10] 

[0 0 1 1 ] 

OA* SIB A® Aft*!*: bttt, &izE© <fc e> lcA> F^P-v y :7x*/i/* 
- © A & -S % © tf¥ tf £ tl -5 o 
[0 0 12] 
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#sp 1 1 — 0 9 8 1 5 8 

[0 0 13] 

X.ZfT> K-^CD±«5 c©3«^e,4SnI^l#IR5, HMl2©g 

HfCnMn^*? h«4_tlCn«Ml 2, p^n:v## Ml 0_htc P S@l 
[0 0 14] 

**Bi:fiV»t. »«ltLTIt, t77^f7CE R®XliAffi$:±®i:f 

s*77"fr, ^.tr*^/ (MgAi 2 o 4 ) ©«fce>&SigiiH£©g«©fe, 

SiC (6H, 4H, 3C£^if) , Si, ZnO, GaAs. GaN§(5fS 
[0 0 15] 

*9M?iC;&ViT, A-y7rl2tltlt Ga d Al w N «MLdliO<dg 

lcDffiH-e&So ) fre>fcssHb*MMM* *j*l<w:ai 

A>y7rl2fflimi 0. 0 0 2~0. 5 n m, if * b < li 0 . 0 0 5~0 
. 2 / ttm > MlC^f*L<ttO. 0 1~0. 0 2 ^m©ffiHlC^SE-f S„ A-y77 
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jf$5p i i _ o 9 8 15 8 

[0 0 16] 

^in-&-riC^;SLT*;SM5:^-r o ^-y 7rM2Ji{C7'> F— a Nl 3 £j£ 

Nl3ffliftLTtt, 0. 0 1 #mje<LhT?&y. #£L<140. 5 # mJ£U:-e 
&»J, «fc »J^* L<te 1 /imJ&LhT*&a„ IfA^(0®HT'fe5i:, nfljn># 
? FM4J«l$©*£3gi§1£JKJ&:gT?£#3:l/^., Sfe7^K-^GaNl3® 

[0 0 17] 

5: 3 X 1 0 18 / c m 3 J^-L, gSKH5xi0 18 /c m 3 JgJLh©«ST-g-*-t-5 

S*Vhsv^SS©^«;r> K-^G aN!3 _ticjgj*s*i*fc, ffv*8ff-e 

hM4©nS^*«^S©JtlSl±#lciSSL,*^A^ ny*>? bM£ 
LT®«Sfg£«M$be>£PB#5li: UTtt5 X 1 O^/cm^T* 5 !* l/VV, 
[0 0 18] 

ng3>*i'H4CDffl^lt In e Al f Ga N . f N (Oge, O^f, e 
+ f^l) T-«J&T-£, ^©ffl^l±#(C^e)fe(Dt?tt«;V>^ ffSKBGaN 
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1 — 0 9 8 1 5 8 



J£j£-r&«-£2o-S L<1±0. 1—20 Mm, «fc >J if il L < it 1 ~ 1 0 v 

mf$5„ IKJ?#J:iB«efflT&&tMift«&f6<-eg, DBfciii^ © V f £<S< T* 

[0 0 19] 

15a, nM^PM^F-^tfraSS b, T>K-y®±l5c©'>^<i:t)3 
mfrbmffcZtlX^Z. nfi!|^l#SmStCl±±IBTS5 a~±!5 c£W©^ 
©fl6©SS:^LTV^T : bJ:V>„ * fc n flffffl 1 5 14, iSttJgfcg^LT V*T 

fc, tSttSWigtCffiOMfc^bT^TlL.J:^. nflIlC^©n{BJ^l#®M*5 5: 

I*l?)Tf 5a~±I5 cSf^t5gftM##i:bTH I n g Al h Ga 

i- g _h N (o^g<i, ogh<D •vm-£ftz>m4<DMf£<D&fc<&¥m&zm 

[0 0 2 0] 

n{BJ^l#MKS5 0DK^tt. #tCRB;t;*;iXfcV*7!>' c , 1 7 5-1 2 0 0 0*^ 

ha-AT?s>y, #£b<«i ooo~iooo ot>nhn-i»t'*y 

, J:yjf^(.<B2 0 0 0~6 0 0 0t>^Xhn-^S. ^ 1 g-S&M 5 

-hIB®H©K^S:*-tsmi#«KM5a>K^©PSEli, Tl5a, «flS«5 
b, S.^J:M5 c©#ISJSS:iaSii3gLT, ^ 1 #»ffil« 5 ©J&BIJ»5: _hffi©«S 

[0 0 2 1] 

n{lf|l#Mm® 5 S:«^t5TI5 a, if mM 5 b&tfJtJ15 c 0>#|gJPl:£ 
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fc#(casb, ^mfr2Me>mmz®feis. mv&isommzmmmzmt 

mmz «fc »; J8IJP©*gB £ *f£ b T v> S . 

m?z&iz. mmo&itizzzm+ft&nmtvmmiz^^Tmv&zijk-?. 

[0 0 2 2] 

T> K-^©TI5 a©K^tt, 100~1 0 0 0 Ovd">^X hn-A, if* 
L<tt50 0~8 0 0 0*>ifZ. hD-A. «fc L<ttl 000 — 5000 

£gmifj£#J:#bT^<#, iooo ot>yx hn-A-ftfifi-ev f #3it±# 
U -#]gy¥?:?S< bT^< Vf l±<6TbT^<#, «»«Itffi©<BT#*£ 
<fc'j, l o 0 ha-A^T'tt#«Bffi©{STic#v^S* >J©{£T 

[0 0 2 3] 

n^lt*K-^"©" : f'ra® 5 b©K*tt> 5 0~1 0 0 0t>^ hn-A, 
b<fcfc 100~5 0 0*>^hO-A> «fc »J*f £ b <tt 1 50~4 00* 

*+&hz^xftftm±\zi£mm±z<ftm-?z>mT'3b'>). ^oM&jgfSs-ttfc 
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i 1 — 0 9 8 1 5 8 



o 

[0 0 2 4] 

i±2 5 — 5 o o^->^>«. ha- A, «fc L< 1*2 5-15 o^->^>?. hn- 
JLS5 commit ioo 03f->^^. hn-A&SxSi: v f #J:#L»« 

[0 0 2 5] 

©Jlfc* 3 S^«*©«KCJ:*SttJl©ilflj*©3E'ffc J S>. tt 

[0 0 2 6] 

±8B«fl#JMI*5&*rt^r«#Ji©»«H:, I n g A l h G ai _ g _ h N (OS 
8<1. OSh<l) f^$tl-g>M^T'S>4X«<fc<> *M©JHJ*#H— "CtiRjfe 
oT^Tfc<fc<. »*b<«I n&tfAlOfttetf/.hSVMlBjft'e&V, «fe*;»* 

[0 0 2 7] 
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It. 4#lCf8jt3*i,;&V^ 3 X 1 0 18 / c m 3 J«_h, jf * L < fcfc 5 X 1 0 18 / c 

n^*fi#li: UTttS i, Ge, Se, S, O^GDMJB»itfgIVB|£, fgVIB 
i£5«jl£ji#*U »tl<liSi, Ge, S £ nSMB^fc-f-.g.,, 
[0 0 2 8] 

[0 0 2 9] 
[0 0 3 0] 

-hjcas-r s« 3 ©gfb%¥s»#«. 3g b < rim (Dmitya^m&m 

[0 0 3 1 ] 
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© & V *#Sffil«;§ ©_htc?£i£« n ffft 2 #® Rjg 6 tfAy ~7 y 
[0 0 3 2] 

2 *m&&t>it. s e> ic*«^© .lib© P m^mmmmosktez 3 a 

tt£^T*ttfcv*#, nfi!im2#«JS«-h{c^S$*«.?SttS®M^tt*^^i:* 

[0 0 3 3] 

$ fc, n ffiJ8l 2 #MJKS 6 ©ffflHSI 3 ©gfl:%¥^t#« * fc ttiuIBlg 4 ©gf fc 

(£%4©Rft4ltf*ttM|ff±-e:Ei*ICjl&oT%. T?*>J:V*. &&L<tt, 
»3 «D»fl:*4 5 ##M*fcii»4 ©«ft*¥*MWf©i*©5l>«!< £*>-#©Rff 

RJ|ttf£&?SMn±-e£vi(C S3 ©Bffi4fe¥#ttJBfttf&4 © 

«:«[»««» Ufe#*KJf a** I/ fc»-&K:, f4 ©gflfttf* 

4 ©g-ft;^¥^#JI) ©Rj*£#:£*%icj|&«££ 

« 3 ©Sfllftip*flcjf fc I n G a N u «4 <z>&fl:4tr¥VttV fc G 

aNtLfeS^ GaNftGaNItffliacinGaNlfflM^ ?Sf£»tC 
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[0 0 3 4] 

fcttji4 ©Sffc!&¥#f*;B©ft©^&< £ *-#©ini£5tiil©;ifiJE£#, jfi^-T 
5f 3 ©gffc*fel^ffc« * ttgi 4 ©^ffc4&¥^#:Ji© P?- 1 1 I^5c*©MJ* H 

*mnmmm ^r^mmm & fc»-&*c, «s 4 ©jerK*?* 

ft/I (*3©tt1kft¥*ttJf> ©IIIfll7C*©ilBJjlttfc-tJhfel*^!IS3©safl: 
[0 0 3 5] 

M&tf. H~iiift5%*©ttJ£R±?:£vtlcA& f£3©SMl;4fe¥W 

MSInGaNtU f4 CDittf S G a N t L feS^, GaNft 

GaNftfflBOI nGaNjg©I njffl^&SttSJC^j£-tSKlfi!oT^fg(C# 
<bfe»J, *fc<S>fc< bfey^TSrfcCJ:*;., *JMUil*aHCi3^TJfB*r*fcJE 

[0 0 3 6] 

±m<Dnmm2 0mmm6\t. has, 01 (c^-ri-^tc, tSttM 7 ^:ffe^T* 
TS^C&£nfflgtt!fe¥^#Jg^C, I nfc*to*3©£fc«4M*fW»4:. •*©» 
3 ©g-f t^l^^ftS i: m& £ ttJft ?:«tSI4 ©Sfctt^VttJf H #«« 3 4i fc 
n**2#im6S*LTK6. nffiJ3£2#JWKJg 6 {Cfc^T, &3©&Ktt 

*m<*m. »4©snfc* i P##jftt**i*n^ai<i:*)-Mja±«j«u we 

[0 0 3 7] 
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nttsi2#iii6 tegs l r mat, £ nt ^ s t§-£. ?stt s ©sso © s 
4 ©gft%¥*i»#ji v*-t*i,t- < nni2 e <z>aMVjtu$»i9ic n e> 

[0 0 3 8] 

m 3 ©Sftife^ttJili I n &-£ttttft;4fe¥*tt. ff * b < (4 3 tbSA® I n 

k Ga 1 _ k N (0<k<l) tL, 3 V< ttktt^O. I n k G 

a^N. **>#ilL<W:kffi#0. 2J01TCDI n k G a^NttS. — ^ 

4#(c|&j£L&v^ *SJM£(Z>&^ff4 ©^ffc^¥^#£j!£;R£i±£fc*!> 
{ctt, ^3 ©Sft^^^i »; fc^rv K¥*y :7x*/Mf--#*g^2 5£»S» 

<5 3 7C?SSi© I n m G a j_ m N (0^m< 1, m<k) L < 

BGaNtJS. m4©gffc*fel¥#ffcS:G a N^-T&i:, £#{Cij£i§<l4©&^# 

k G ai _ k N (0<k<l) £U f4fflgftWfft?:In I Ga 1 . 1 N (O^m 
<1, m<k) , »t L < liG a N Sffl^bWiplf KIC«FS L 

^I*^fcftLtil 3S3©^ffc^¥#ft«©klt#0. 5J«T©In k Ga 1 
_ k NT*& «4 ©g-fb4lr¥#ttS#G a N £<DMfr<&£>H:T'3b2> a 
[0 0 3 9] 

SS3;l5i:tffl4©gffc^¥^#Ml«:fr£%7> K-^Tftu VfiJjlZ nf^M 

Jtm®*:F-7-?2>m&. si 3 ©iftftf©*!® n s^^iii t , 314 ©g 

* fc, HI 3 ©gft^SttJB* fcfcfcf£4 ©gft®^s»*t:S© ^•mt^-^lZ. 
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[0 0 4 0] 

4SnI^!|lt LTfcfc, Si, Ge> S n, S^«)IV^ VI^Tt^SJfa L 
OftjRU 3 L< l±S i, Sn5:fflV>5„ 

na^$8«K-^t5S^ ^«8Sli5X10 21 A« 3 «T, »*L< 

ttixi o 20 /cm 3 jetTfciist- -So 5 x i o 21 /cm 3 j: y umitm^mw 

[0 0 4 1 ] 

ft****, »tb<tt, InjGa^N (0^a<l) "e^fSStU n& p 

14M7{CpS^*6%S: K-^-r«fc^> KIS«3t©tr-^ISS«fc *J=fciMfO. 5 e 

pIK-A> hfc F-^"LfcjSffi®S:^^-S«^ ?S«J1 S i^<Z) 

tSttMS:mS3-&S{c^ y y F-^tfSfcJJiil/^.. 

[0 0 4 2] 

Tttl 0 0^->^X hD-AJWT, $?3lL<te7 0^->^^. VU-2±&Tf. 2 "=> 



ffi|£# 2000-3026926 
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. #fM& i o o^->^x hn-Ai y tjf^i:, ffi;fr#[6j_LL{c< v^ishc& 
— f¥MS©^£»2 o o o^->yx hn-^T, ^KB5 0 0t> 
SS©KJl£©±l&fcM#lc©}6;**iftv^ im^-m&>±. jftKliio^i'y 
iSffiJi7£tt©|g|JPtt£<lc|5B£;**i,-f, LEDig^fti:*©#M©?£:iM§; 

•SEf *. 

[0 04 3] 

h P Sff=i>#* h®l O tKDtpfflamm ((flifllF-^) hftS-fc-MC P §9* 
ft L T ft & tt#-KT-«fiK s n « . 

* -T , pI?7'?KI8 #M K«ig GBttT-ffift) t? & £ ( p 

MIpI^79 KJ» tbTtt, Al «:-£tr* 1 ©»ffcW4* 
*MWf fc, *©t& l ©^fc$i¥#ttS£:i!flf£©flft£3l 2 

£ft!g 1 CDfift«MHM*jg£. 1 ©gf <fc »J *A> K^f ^y^x* 

;i/ ©/Jn S ft » 2 0>&f b<fe¥*ttflf t St Jf 3 ft T & « %> 0) tf¥ tf 6 ft« . m 
1 0>tt<fl:<fe¥*ttJi;&0JI$ 2 ©gffcife¥##S©4>ft < t P M^mmifi 



ffifE4$ 2000-3026926 
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[0 04 4] 

*%ff*u<iiio~4o*>^bn-A©ifcissn, mi&itm 

gffc^¥3£#S©ii£IM£#J5K fc&©T% P S*ifc*#l£8s#lJL*M§-£rtc*^ y y 

4Hffl£&s. ^®j:-5 35:KP©2a^<oMS: i ^rt x^xm&mmm Lx&mm 

, IicDSftM#*l!d^fIL. *5i©Sfl;fc4HMWi'e*lF*>oT*J:v*. 

*LT, p 5 «y Ki 8 ©MS ©lift, £©&i;&0&2©&n; 

59 FM8©|ftJD(/FH:. 49tCl8£34i&fc*tf. 2000^>^XbD-i>KT, 
USKttlOO Ot>^hn-AHT, i»JffS!L<H:5 0 0jf>^hn 
-AJBtTTffcU, *RJ^£©46OT*&S£ftftffljb#*<. Vf #«TU#* 

n G ai _ n N (0<nSl) S^3*S3i:i(l«MiL<, * 2 ©&ft4b¥*tti* 
jftL<ttAl p G ai _ p N (0Sp<l. n>p) , I n r G ai _ r N ( 0 =s r =g 

pS?7>; F«8#, i©J:-5 3fc«l©afl:«**fltJi3kOt*2©afl:i»4 s ## 

i)ii^ft5#iift-*5i^ pS#iii©a maj«jfettw©«T*s. 

tii© P SfiSS 9 *«A 1 S G a j. s N (0<s<0. 5) J: y *s 

Ui^f, #IIpS*7>yKlfflAlffi^M, pfifil*F-^|9<DAlg 



ffiSEiRF 2000-3026926 



<3> 

i^jp 11 — 098158 

V f 3bM£T-r-5«ft#&&o 
[0 0 4 5] 

2 ©gffc*&¥##Ji © p M^^a^ & {£ < . »*b<ttT>K-^i:-rs 
Vf (mi$\ftn&) ^Sr^gT^-fr-Sr^^T-^S,, * fc-?-©J£T? 
A> K^t -y ^i^;i/Sf-CD*t4f 1 ffllftW*»I© pf^Mtl 
Mfc<hS< 1>X. A> K=^y :/:n*;i,:¥-©/J^fc^2©^ft#»¥^#«© 

P s?**s#>iiai £ * £ < h X =b & v \ 

&.mt%:mf8.~?2>£. *v v rmmvis^m £.&mm<?>m^m tLzmmz&mm 

$ Z. iL &X £ Z> % © t. tl -5 o 
[0 0 4 6] 

P§?*S5£#jigg[©Mfc£»^©8l i nmitya^mitmn P s^ttttoMtt. 

fcv*o 09^tf*^^ifc^l©^fc^#i*M©pM^^iiSi:bT(±, 
<t£5X 1 O^/cm 3 —! X 1 0 21 /cm 3 , J: U b < fci: 5 X 1 0 18 / c m 
3 ~5X10 2 V c m^ffiH^ISfi-r £ . 

» i a&fctt^MMM® p m*n<bmfi 5xio 17 /c m s jeiutT** 



ffiftMf 2000-3026926 



11—09 8 158 

SMlSHCfeU, Sfelxl0 21 /cm 3 OTf$5fc, LM < 

[0 0 4 7] 

Sfl l ©g<M^f^<*Jii;fjl2 ®^ft%¥*#Ji© pM^fcfiiiStfllfcS 
«fc»J%4>&<, pSf5-y Kl^frt bT p Sill ^1 9 P g?n:/** 

b < «_hn!& i <Dm.itm*mwmc> pM*m®mBi<D i / 1 out&m 

ffitfcLT<SpS^MifeCDattl X 1 O 20 /cm 3 aT* ! ltl/^. 
[0 0 4 8] 

[0 04 9] 

-hIEpS*5-y KSIC K-^tiS pM*i&E#l£: LTfciU Mg, Z n. Ca, 



ffif£4$ 2000-3026926 



«> 

iff 11—098158 

[0 0 5 0] 
[0 0 5 1] 

?£{C, t^^K-^"©pa^^.y KJS8#, pM^M^Sr^tf A 1 b G a^N 
(O^b^l) <fcy&S#-«fre>&Si§^iCo^TJWTK:SM8?-&., JWT#- 

^wcfc^-c, *HKp3*?y kjvsb, ±me>m< A 1 b G a j_ b N (0 
^ b ^ i ) .tu^sg-ft^^-efes. ifc^KE©paetgKF-^M9*^ 

Al s Gaj. s N (0<s<0. 5) «fcy&y«-&, Mpf ^7»; Kf 8(OA 

1 8B/£jttt, p mi&mm k-^I9«)ai m&ut <t >m < & 5 <t -mchs 3 n s 

[0 0 5 2] 

#-KpSf7-yKI8 0Dlftt, #K:pgj£3;ftfcV^ ^L<tt2 0 0 0 
•Xl/V-X hD-vM^T. .t'J^f* b<ttl 0 0 0^->^^. hD-AJ^TT*&»;, 
3e.icffSb<tt5 0 0~i 00*>^hD-^*S. BI^#_hS346HT*& 
■Si:, 38ftffi;*7#IfiLhU Vf ^<gTU*f*Lv><, 
[0 0 5 3] 

f-ipS? KS8© P a^^CDiiai:bTtt, ±S#MpS^7»; 
K*©»^i:HSte**KK--:7i:2te*J:5K:, jfil<tt5xi0 17 /cm 3 
~ 1 X 1 0 2 V cm 3 , <fc »J b < 5 X 1 0 18 / c m 3 ~ 5 X 1 0 2 V c m 3 



ffi|£# 2000-3026926 



«) V 

iff Jp 11—098158 

[0 0 54] 

^{CfgJgSiftfcV^ In r Al s Ga H . s N (0^r<l, OS 
s<l, r + s<l) »&&Sfifc4b¥*tttf¥tf 6*1, »S b< «35tigft. 
2tcjS^OI n r G a j_ f N XttA 1 S G a ^NfflSfttft*, <fc »J *f £ L < W: 
mg t &<D&fr*>G&N£'>)&Z>mt®¥mib. XttAlgGa^N (0<s<0 

. 5) £>)*v&^AiMf&&&mMi>M2>mmm<D¥-&}<DA lMitxttps 

# i 5 „ A 1 g G a j_ s N <D s 0<s<0. 5 CDfBBjT? 

>H*|6IS£E (Vf) ©_h#S:fflJ;t. &#fc583fcffi:fr&tf#Sifff5:W& 

_tfB© <fc 5 IC P MiSJR^ K- -7M 9 #G a N T'&S £ <fc »; *jff,I§rtt#&# £ & V 

N (0<s<0. 5) J: Ufc^JLoA lfflj&jfc#plff*f?*/ FS 8 © A 1 jfflj&ifc 

[0 0 5 5] 

L<iiioo~iooo oxyifx ha -a, iUlfSKttsoo-sooo 
•S. BIJi£#±fB«SHT-&5i:, J§*$?&S8)fcffi;*ji:*fc. &#fc0Sl&£t5:#£;£ 

sfefc, P^<g$IKK-7 , 'Ji9#A 1 S G a 1-s N (0<s<0. 5) J:»Jftyja 



miE# 2000-3026926 



«> 

4#*P 1 1—098158 
00~3 0 0 0t>^bD-A, J: UJf* L<tt3 0 0 — 1 0 0 OOcZ/VJ, F 
[0 0 5 6] 

pI^5>> F® 8StfpS3>*? h® 1 0©pM^M#lJif£J: »J{S<*-5J:-3 
tC^g^tiT V**U* J: V*. i© P ^<B«S[ F-^JI 9 © P M^$6#>i§S©ali££tt 
, mizmfetiftte^W, »*L<{±^«©^{CttT>K-^'©«i:LTfig*$^r 
, 18&*©P§?*^y KI8Wpin>:S!^Ml 0^f>Mf5:$tiS pSW 
^{c«fc»J^$*is„ :i©±e>lCpS<g^«F-^»9fc|$^£M^e>©fi£iSt 
pS^M^cJ: »; p®{S^SK-^M9©pM^M^Ig^M^3tiSi: 
, JilBbfci^lcpM^^^ KI8, &tfp§?3>*? 
Mi o £®3*iaTa>pS*»t«8«<z>BBfft]& «f»«KF-:7. fiftlK-^ 
, ff«£F-:?£&SJ:3lc|l&EL«<&U&£Ui*. *5§W©pSffi?g 

sk-^I9odp &7»tttmK<z>mtt. p mt&mm f- 9 ©^©i&jc^ 

[0 0 5 7] 

#3&u!© p mi&mrn f- 7® 9 © p a7tt*0»e<z>imtfj:!ea> ± e> icbsm 

©® ?> ©ffiifctc <fc p M&mm K-^l9ft©p 37»t4fe8gtt{&8& 

K-^I9 rtT?02lc^f J:3fcXftbTV^. *fc, pSHSSft F-:7JV9a> 

»«H2fcH«Klpair9y Fff£&ttLTV*&flSd > fr&tt4K:Mtftt 

^l, pS3>^f ^®^CJ£gbTv^ssl$4^•©^gs^a : foe<*s«[^^* t s>•5 0 

pI«MK-^l9fcr> K-^i: LT*SS*6*^fc«KLT, pfi 
SIS F-^Tf 9 fc© p £7»tttW£©£fc<Di*?-a>M&H 2 &ffl -5 
. 0 2{±, jfS«rtcpS^*E^©^K, «t«|{Cp§S3>#* F*i 0, p^iSigS 
F--7M. pS^^^KlAi:, pMff©*Bfr€>nflMlcffl»oTSM]e& 

«^-tsM©^fb©#-? («t«A®A3»«H!i»fe«ri <D&mm<DmttM*mmit 

a**. ) fea*U HJfeflJl «D«fi«KK-:*'©pg*5y F»8, ffiMK-^© 
pfi««fl[F-^J19, XtfW«*F-?'©pS!=i>dr* hjf 1 0©Mgigg© 



ffi|E# 2000-3026926 



11—098158 

[0 0 5 8] 

02lC^-r«fc?lc, pi^7"; Kf 8fflMgIE p SffiiSK F-:7Ji 9 ©M 

gosffi^. R&pm^yz>? bmi o<z>m s mm. tam&tf. *mm* &m 

mm&t&iT^Z. ^Lt, pM<B^SF-^M9|^T-ttMgigS©^ 
tt, PlS? 5 9 FJf8tCgSgbT^-58IS:0-T*«:. If &2 P 5 v KM 8 ©M gig 

U iKSSK-^©pMn>^^ Ml 0 fcgaSLTV^ttiST'tt, pffill 
K-^'S9©MgjgS^S : bffi<*S„ bfrU pSffi^KF-^MS-htC, p 

l/Pln^*? h«l 0©Mgiig©ffi i©<fc 5 fcteilK F-:7Ji 9 © 

MgjgScDlftlt &lt!£^-:/«9#f£;RB#}Cfcty> K-:7fcbTj*«S*u 

^©i-Mc, pl3V^^l>il0i:pS?7'yKl8fflpi^tt*ig < fc'J 
<S«SK-^"©Mi:bTp§?<g;aSK-^*S9 pln^itf MiOh 
pI^7!/ FM8i:©liic^-rsri:ic«fcy, IB7fcffi#©i6U:i:;mc, Mtf 
BE & SSJtc t 5 r i: #T* g 5 . 

ifBWi^lcpM^ifewgKwBi^^^-rsfcS)^. pl^7»; F/f©p 
M*$*#/©ig£i:, P§?n;/#* hJf©P§?*£Mg!©^&£SigU pSISII 
K- -fM 9 © P S^M^©S<£©tgS5:if S. 
[0 0 5 9] 

ffiSSF-^«9©pM^M^igS (fib, {SJgltF-^«9i^©*t.pS^ 
^#>mK©<£v^#©ii«£^-r. ) tbTtt, _LSB©J:e>fcg&g-r<5Ji£:©p 

m^ummmcom^m^nx^^^^iim^m^^^i/ 1 . »*b<i±i 

X10 19 /c m 3 *?©. ffSL<it5X10 18 /c m 3 J^TT-fe-5„ pS**£%ig 
«©TKffll*#{cBBS3*l,-r, T> F-P p T'feoT%>J:<, p1?7«;KI8«) 

p m*m®mm t p sis^s k-^I9 ©bus t ic «t »; , <sag f - zrm 9 ©* 

<£© p §s*!i3&4&$gfl£#Xi& U 5 x 1 0 17 / c m 3 «±^i bv^. Pi 



ffi!I# 2000-3026926 



#5p 11—098158 

j&RMffi, our. ^*p-h^tc«fcoT^i&-rs«ifii^fes 

[0 0 6 0] 

sfrftHtcS^T. pS7tttt0>lSSffK-:7©p3!=i>*? VM l 0 i: 

LTtt. ±m&mmF--7M9 t.mmiZ. I n r A l s G ai _ r _ s N (0^r<l 

, o£s<i, r + s <i) fr<o&z>m<t®¥mfawm\-f'on, »*l<«3^ 
&fc&Sft4WS#-e&&o i««te>tc, 4 7ca£j:»j3 7caii. stcSa^u 

pSn^^t? hM i ocoBlffte, o. ooi~o. 5 #£L<140. o 

1 — 0. 3 Mm. i»J«F*L<{4 0. 05-0. 2AimTrig>S 0 lUFtfJbeffH 
[0 0 6 1] 

*»«F-'^©p3!=i>* * Ml Offlpi^fttlttt, 

&*. pS3>^^ mi o (D^ffiysmmii. <&iz.m&zn-r. ±m<D£5iz. 

%.&M:ft$lt£mZ.lsT. #£L<14, 1 X 1 0 18 ~5 X 1 0 21 /cm3 

14 5 X 1 0 19 ~ 3X10 2 Vcm 3 , j; y L < 14 1 X 1 0 20 / cm 3 mg.r- & & . 



ffif£# 2000-3026926 



11—098158 

[0 0 6 2] 

(^MM^bT^tCPK^Stl^ ^Jx.«nm®^L"t«W/A 1. piiilbt 
[0 0 6 3] 

l ] 

Hi S:7CK:I6I6«1 Kiov^TM^-fio 

1J-7r>f7 (Cffi) <fc y £MOVPE©fij£*«|**C1Z<t/ hu * 

[0 0 6 4] 
(A*;7rl2) 

T^TMG (hU^fMU^A) fcfeSW 3£^g 1 _h(CG aNi*Jft$/^;7 
T®2£;&1 0 0>T>y^ hn-A©K*t«fia*6. 

[0 0 6 5] 
(7> K-^G a N«3) 

/^77|2«fi«, TMG©^±^t, filSrl 0 5 0t^T'±#$^ o 
1 0 5 0TCt:?iofce), HC<iRJF4A'XJCTMG, 7>*e — 7#*S:ffl^ T> 
K-^GaN!3J:l. 5 #m<Z>^@T*/£S2i*:£o 

[0 0 6 6] 
(nS3>^ M4) 

i^T 1 0 5 0tt% HB<JK»^CTMG, T >^-T 
lC$/^:/#;*«:JBW Si S4. 5X10 18 /CB 3 K-^bfeGaNJ:»Jft5n 



ffiiE4# 2000-3026926 



1 1—098158 

Sn>##hif4£2. 2 5 tLm(DmmX*f8 l M'£ J &€>o 
[0 0 6 7] 
(nS^lMIlS) 

&ic^>#x<z)^$:ib#>> io5or;T% tmg, t>=e— rtfx&fflvv 

T> K»^G a N*^4STI5 a & 2 0 0 O^yifX hn-^0lft^$ 
i*\ M^TmU&^Xi/^yjfX&mtUl'S i &4. 5X1 0 18 /cm 3 K-yi 
fcG a N^f>^-5^I5 b £ 3 0 0 ^> b P - A<Z)ISt^$t, HtC 

5 o>r>^^ ho-A<DKMT*/&*£i*\ 3mfr*>te$>mmm2 3 5 o>r>^x 
h d - h.<D% 1 &mmm 5 s:^*$-&^ 0 

[0 0 6 8] 

(nSf2#Igl6) 

t>^M]-^$t, r^tcMSS:8 0 OTCICLT. TMG. TMI, T> 
^-ySrfflW 7>K-yi n o.l3 Ga 0.87 NJ:lJfd;5i3{Z)iW ^ B$: 

6 S: 6 4 0^->^^ hn-ACDK^T^^Si±^o 
[0 0 6 9] 

7 ) 

7£lC. 7>F-^GaNi»J«;5iII£2 0 0 if* h n - 2*<DmmXf& 
*fcv*Tfil£«: 8 0 0V,\Zl,X. TMG, TMI. T^^-T £Jg v^T > 
K-^I n 0i4 Ga 0i6 NJ:^d;§#F|?:3 0 77* h D - ACDfil^f&fi;* 

1*41, ^Kizmmvx, mmmi 1 2 ot>yxhn-Ao#ii^#pi 

[0 0 7 0] 



ffifE# 2000-3026926 



II > 

11-098158 

3fcfC> 0 5 0tfTMG> TMA, Ty=t — 7, CpgMg (J/^D^ 

^iiyi-^vni'fA) MgS5X10 19 /ai 3 F-yLfeplA 

1 o.2 G a o.8 N <k 1 ©Sftfef i#I ?: 4 o*y>f* hn-^®Ift 

fR«3-tt\ ^V>TSSS:8 0 O-CICLT. TMG, TM I , T^^E-T, Cp 2 
Mg$:fl|VMVIgS:5Xl 0 19 /cm 3 K-^Lfe I n Q Q3 G a Q g? N ± ij fc&fl 2 

4 0 ;*> jf^ h n - vk©K*-eEfc«£ltfcJgte^ii©#Sffil4: U * 
[0 0 7 1] 

g^T, 1 0 5 0r:-£, TMG, — t> k--/<z>g a N «fc »J 

&5pSiISF-^l9S:2 O 0 0^>yxhn-A©MT'«I3t5„ 3 

©^Ilpli'yf KS8(c R-ySjftT^SMgtf, teSgh*-^M9Mfi 
fSigicSfcifcU $e>tcT^©lS?§-KK-P r ©pMn>^^ Ml OfcffcfiS-tl: 

^©<Sig«K-^«9©MgJiStt, «fcigK#<g^g|5#T*{;^ 2X10 18 / 

cm 3 ^*^,, *fc<stgSK-^M9©Mg^gi©^t;«, 02ic^-r«te>tc 
ffi&^-r*^ pU7i/ KS8a>&&*istc^v^*&c8i^u pi3>f? h 

Ml 0 iigHfiLTV^fJiS (pI^V^H' Ml 0 fc^js-frS^wr) MMg 

[0 0 7 2] 

(iSjSK K— ^"co pM^*># # h®l 0) 

ig^T, 1 0 50TCT', TMG, Ty^ — T. Cp 2 MgS:Mvv Mgfclx 
1 0 2 Vcm 3 K-^LfcG aNJ:'J4S pfn^^ hjf 1 0 £ 1 2 0 OUryf 

[0 0 7 3] 

2 9 ffiffiiff 2000-3026926 



11—098158 

£/S*l7#L ag&tfittT^ S&CB*#BMC*, *x-^£fifS*» 
[0 0 7 4] 

Ml 0©*ffiKlffift<Z>^2R<Z>v;*^€:JgJ*U RIE CKfStt>f *lsX-v*^9 
) MTpi3>*J Ml OH^fexy^^yfefrV^ 01 iC^Jc^lCnS? 

[0 0 7 5] 

xy*>$r«L S_bJi&c&£p§?n>#^ hjgi 0©Kff^ffilc|||*2 0 Otf- 
hO-ACDN i tAu^tfilfttt^piil 1 ^ODpWSl 0<Z)_t 
VLiRVr* y>fm<DA u <fc y p/ty FSgl 2 S: 0 . 5 *t m^IftMt 
£ 0 — xyf>{rt:i»jgilistfeiiS3>j?M40*BicttWi:Al 

fc^tfnmffil 2 ^ITLEDl^tlfe. 
[0 0 7 6] 

i<Z>LE D*^ttJB#fa«8fc2 O mAlCfiVMT, 5 2 0 nm^UB^^^^ 
U Vftt3. 5VT% «*©#**^#^*l»©LED*^K:it«UT, Vf 
■7*1. 0Vi6<fiTU ffi*tt2. OffiFJglLfcfciftLhbfc. 3EK1, #e>;ftfcLED 

[0 0 7 7] 

t£3fc<Z)LEDiit^(Z)«j£te. G a N i U ftS* 1 y 7 7S©±K1, 
T> K-^G a N i-y 2 ©A*; 7 r I, S i K-^G aN i*J &Snf n 

-^Al 0<1 Ga 0i9 NS, Mg K-^GaNfr&46p«3>*? hJiSJiK:* 

[0 0 7 8] 
2 ] 



2000-3026926 



#sp 11—098158 



(«Ht» 7 ) 

T>K-^GaN«fc»J*ei^S^5:2 5 0 yfy f X h n - A©BIH?JS 
SS-Br, ig^Ti&ffi£:8 0 CClCbr, TMG, TM 1 , 7>=E^7?:M^7> 

J»£6J1, £2(c«JiLT, »1S l 9 3 o t > h n - A©#lif 

f P>*lfcLEDim PM*[oF«^2 OmAlcasV'vT, 4 7 0 n mCDMlfffelg 
[0 0 7 9] 

(fSSJi 7 ) 

7>K-^GaNJ:y*:5»ilS:2 5 0 M3 - A©BU?T?I& 

SS-S, lV»TM5:8 0 0X;icLT, TMG, TMI, 7 >^-7 £J§V>7> 
F-^I n 0i3 Ga 0i7 Nj:y4S#pl?:3 0t>^ h D - AGDffilJif 3 

15:51, 3SSJC«SLT, Mil 6 5 0*>yxbD-Affl#ii^#Fi 

ie>tlfeLEDim l«*l^«S62 OmAfCfeV^T, 4 7 0 n mCDjjSfiir&lg 

[0 0 8 0] 

7 ) 



ffiH# 2000-3026926 



11—098158 

^Tag& 8 0 OiCfCLT, TMG, TMI, T — TfcJBv*y> 
K-yi n 0 _3 5 Ga 0 _ 65 N«fcyi&«#Fl5:3 0*y>f7. YU-k.(DmW-Xfc&. 

fLTPIi+^+IiI+#F- • • - +BSfflit|?iIS:7I, # 
Ff/f£6S, 3?SKiaSbT, Jilgf 1 9 30t>yxhn-A©Mif#F 

[0 0 8 1] 

immm 5 ] 

JgigMl ICfcl^T, ffittl7 S:J«T©<fce>lC^^Sfi6tt[l«lCLTLEDig^- 
(«tt* 7 ) 

&{C, T>K-^GaN<t*J«;SI$SMS:2 5 0*2/ V* h n-AOD^T-^ 
iKv>TiSg& 8 0 OiClCLT. TMG, TMI, 7>=EZT?:ffl^7> 
K-^I n 0 35 Ga Q 65 N<fcU&S#^MS:3 0*->^X hn-i,©igT*^ 
S-frS„ *LT|ge + #JS+|S|g+#F? • • • • +»^©WHT*»gj»£4«, # 

#e>tlfeLEDig^-tt, W^I^«8S2 OmACfc^T, 5 0 0 n mffifjlfi^ 

[0 0 8 2] 
6 ] 

[0 0 8 3] 



ffi|£i^ 2000-3026926 



if#*P 1-1— 098158 

(#-lpSi'7 9h*S8) 

0 5 OTCT-TMG. TMA, T>^-T, Cp 2 Mg (i/paKyfii/ 
3L—Jl,~?7%i/Vk>') SrfflVV Mg 5: 5 X 1 0 19 /cm 3 K-^LfepMA 1 0 16 
G a 0 g4 N «k mv^kV^V Kf 8 5:3 0 0 * > tfX h n -ZsCO^^ 

[0 0 84] 

immm s ] 

©nSn># * {CfeVT, KJ?£2. 1 6 5 n m £-?2>m&m 

(n§?Jgl#JilSlji5) 

7^{Ci/^>^X©*S:ih«). 1 0 5 0-CT?, TMG, T ^^^TtfX&MW 
7>K-^GaN*>?>)5iSTl5 a & 3 0 0 0 Jt> >fx. V U - A6DBI^-ej£;R£ 
^^THiaS!tCTi/^>^X?:iS*nLS i £4. 5 X 1 0 18 /cm 3 K-^"b 
fcGaN^e>«:Stfi^M5 b£3 0 Ot^^Xhn-AffllfT'^*, MiZ 

5 0*1/77, M3-A©BlffT*J*:R3i±, 3Sj^*>fc5i|&B^3 3 5 0©m# 
[0 0 8 5] 



ffiSEW 2000-3026926 



1-1 — 098158 

[0 0 8 6] 

[«tt«r io] 
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